Aims. The main goal of this study was to determine the effects on equivalent widths (EWs) of some spectral lines produced in the quasars by the presence of surrounding galaxies. To carry this out, a sample of 4663 quasars (QSOs) in the redshift range of 0.20 to 0.40 from the Sloan Digital Sky Survey-Data Release 7 was analyzed. Methods. Three QSO sub-samples were defined, taking into account the projected separations and radial velocity differences with neighboring galaxies. In this way, we utilized two sub-samples of QSOs with strong and weak galaxy interactions, with projected separations smaller than 70 kpc, and between 70 and 140 kpc, respectively, and with radial velocity differences less than 5000 km s −1 . These sub-samples were compared with isolated QSOs defined as having greater projected separations and radial velocity differences to the galaxies. Results. From a statistical study of the EWs of relevant spectral lines in the QSOs, we show an increment of the EWs of about 20% in the [OIII]λλ4959, 5007 lines and 7% in Hα for QSOs with stronger galaxy interactions relative to the isolated QSOs. These increments were also observed restricting the sub-samples to velocity differences of 3000 km s −1 . These results indicate that some line EWs of QSOs could be marginally influenced by the environment and that they are not affected by the emission of the host galaxy, which was estimated to be around 10% of the total emission. Furthermore, in order to gain a better understanding of the origin of the Hα emission line, we performed broad and narrow line decomposition in 100 QSOs in the restricted Sint sub-sample and also 100 randomly selected QSOs in the Iso sub-sample. When these QSOs were compared, the narrow component remained constant whereas the broad component was incremented. Our results, which reveal slight differences in EWs of some emission lines, suggest that galaxy interactions with QSOs may affect the QSO activity.
Introduction
Active galactic nuclei (AGN) typically emit large amounts of radiation at all frequencies, with the observed spectra being composed of a non-thermal continuum with emission and absorption lines arising from small central regions, only a few parsecs across (Osterbrock 1989 , Carswell et al. 1976 . The AGNs are powered by gas, dust, and stars in a disk when falling into a super-massive black hole (Zel'dovich & Novikov 1965; Lynden-Bell 1969) . To model AGNs, the existence of different regions is taken into account, such as the broad (BLR) and narrow line (NLR) regions, and the accretion disk and jets (Antonucci 1993; Urry & Padovani 1995) .
Quasars (QSOs) are the most luminous AGNs, in which the optical images are dominated by a blue, very luminous, and variable unresolved nucleus (Schmidt 1969) . The observed spectrum is the result of the integrated spectrum of both the host galaxy and the nucleus associated with the AGN. An important characteristic of the spectra is the presence of strong emission lines that can be used to infer both the physical conditions of the emitting gas and the properties of the ionization sources . In this sense, the broad lines, such as the Balmer series, are produced in the innermost regions (BLR, a few parsecs from the nucleus), that surround the accretion disk where the gas densities and velocities are high. These are the brightest recombination lines in the optical spectra of AGNs, and normally have complex line profiles that often exhibit both broad and narrow components emitted from physically distinct regions. In contrast, the narrow lines have their origin in more extended regions of about 50 pc in size, or NLRs, which are characterized by lower gas densities and velocities. The most important lines that are thought to be emitted within the NLRs of the AGNs are [OII] , [OIII] , [NeIII] and [NeV] (Osterbrock 1989) . Heckman et al. (2004) and Kauffmann et al. (2003) have also suggested that the luminosity of the line [OIII] λ5007 is a good tracer of AGN activity. This line is the strongest narrow emission line in the optical part of the spectrum with low contamination from the contribution of star formation in the host galaxy.
The intense brightness of QSOs puts serious constraints on the study of the host galaxies. However, at lower redshifts, the use of the Hubble Space Telescope has made possible the host galaxy observations, with interesting details in their morphologies. Bahcall, Kirhakos & Schneider (1997) studied luminous QSOs in different environments, and reported normal ellipticals and spirals and also strongly disturbed or interacting systems at z < 0.3. Floyd et al. (2004) found that QSOs with nuclear luminosities M V < -24 mag and z < 0.4 are massive bulge-dominated galaxies, thereby confirming the main results of Dunlop et al. (2003) . At even lower redshifts (z < 0.2), Jahnke, Kuhlbrodt & Wisotzki (2004) observed the presence of symmetric disk and elliptical host galaxies, suggesting that minor mergers or gas accretion are responsible for galaxy activity. More recently, Falomo et al. (2014) studied galaxy hosts in a QSO sample extracted from the Sloan Digital Sky Survey Seven Data Release (Abazajian et al. 2009, hereafter SDSS-DR7) Stripe 82 at z < 0.5, and reported complex morphologies with bulge-and disk-dominated galaxies.
Hydrodynamical simulations of galaxy mergers (Di Matteo, Springel & Hernquist 2005) showed that two different phenomena may be generated, namely the production of intense star formation in the host galaxy and a fast increase in the accretion rate of the black hole. These interactions also have the potential to transport material to the central regions, producing AGN activity (Jogee 2006) . Moreover, the proximity of the companion galaxy could affect the mass distribution, leading to gas inflows enhancing star formation activity when compared with isolated systems. Based on these simulations, we were interested in looking at QSO interactions with nearby galaxies to try to determine whether this phenomenon can generate changes in the QSO spectrum when compared with isolated QSOs. These changes in, for example, equivalent widths (EWs) can provide information about the physical conditions, and the distribution and dynamics of the emitting gas. Thus, a statistical analysis of EW spectral lines can reveal the influence of strong and weak galaxy interactions with QSOs.
The paper is organized as follows: in §2 we discuss the QSO sample and the available photometric and spectroscopic data for QSOs and neighboring galaxies. Based on typical projected distances and radial velocity differences, we also present our criteria for defining the three subsamples used to analyze QSO interactions with galaxies. In §3 we discuss the spectral analysis including the statistical analysis of the EWs and uncertainties in relevant spectral lines together with the spectral decomposition. Finally, in §4 a summary is presented with the main results of this study. For all cosmology-dependent calculations, we have assumed Ω Λ = 0.7, Ω m = 0.3 and H 0 = 70 km s −1 .
Data and samples
In order to study the effects in the spectra of QSOs produced by surrounding galaxies, we need to define the QSO sample and the characterization of the QSO environments.
The quasars
We have selected QSOs from the SDSS Quasar Catalog-DR7 (SDSSQ-DR7, Schneider et al. 2010) , which contains spectroscopically confirmed QSOs fainter than i ≈ 15.0 mag and having at least one broad emission line in the spectrum with full width at half maximum (FWHM) larger than 1000 km s −1 or with complex absorption features. The QSOs have ugriz magnitudes with typical uncertainties of 0.03 mag, and have reliable spectroscopic redshifts in the range 0.065 to 5.460 with uncertainties of about 3×10 that roughly corresponds to 90 km s −1 (Stoughton et al. 2002) . The QSO sample used in this study was defined in the redshift range 0.20 < z ≤ 0.40 as the only restriction, comprising 4663 objects. This redshift range is adequate to perform the analysis of the QSO interactions with galaxies. The lower limit assures a significant number of QSOs with statistical significance, and the upper limit allows us to find galaxies around the QSOs within the completeness levels of the SDSS. Although there are new releases of the quasar catalog, DR10 (Pâris et al. 2014 ) and DR12 (Pâris et al. 2017) , these adopt different procedures to define QSOs since their aim is to study those QSOs at higher redshifts, z > 2.15. The SDSSQ-DR7 is the catalog with the most objects in our redshift range, (see Fig. 4 of Pâris et al. 2017) and therefore better suited for this study. Figure 1 shows the distributions of absolute magnitudes in the i passband and redshifts of the QSO sample. The absolute magnitudes extend between -26.18 and -22.00 mag in the redshift range from 0.2 to 0.4.
Selection criteria
In order to establish the QSO interaction with neighboring galaxies, we used the projected separation, r p to the QSO and the relative radial velocity, defined as ∆V = c(z Q −z g ), where z Q and z g are the QSO and galaxy redshift estimates, respectively. In this sense, we define the interaction QSOgalaxy as strong using tight r p and ∆V and weak, with moderate values. Also, isolated QSOs were defined as being those without neighboring galaxies. A similar procedure was adopted by Lambas et al. (2003) in a sample of galaxy pairs to analyze the interaction effects on galaxy star formation rates.
In order to define the three QSO sub-samples, we used galaxy data obtained from the Galaxy table of the CasJobs database from the SDSS-DR7 (Abazajian et al. 2009 ), which contains the photometric parameters of the objects classified as galaxies. This survey has photometric data in the ugriz passbands with an r ′ limiting magnitude of 22.20 mag representing a 95% photometric completeness for point sources (Abazajian et al. 2004 ). The spectroscopic information has wavelength coverage in the range 3800-9200Å with a spectral resolution of ≈ 2000, and the spectroscopic catalog is complete with a Petrosian r ′ magnitude (Petrosian 1976) of 17.77 mag (Strauss et al. 2002) .
Most of the galaxies have redshift information only from photometric estimates. They are based, for example, on empirical methods (e.g., Connolly et al. 1995 ) that use an artificial Neural Network and the ANNz code developed by Collister & Lahav (2004) . These methods require a priori redshift information obtained through a training set of galaxies with both photometric and precise spectroscopic redshifts. O' Mill et al. (2011) obtained photometric redshifts and k-corrections for galaxies with r ′ = 21.5 mag of the SDSS-DR7 using the five ugriz passbands. The limiting magnitude guarantees a reasonable photometric redshift quality and a good separation between galaxies and stellar objects (Stoughton et al. 2002 , Scranton et al. 2002 . Their photometric redshift estimates are based on the empirical methods using the ANNz code and their Fig. 1 shows the comparison with the SDSS-DR7 spectroscopic redshfits. The agreement is excellent, especially in the range of our study, 0.2 < z ≤ 0.40, with uncertainties of σ phot ∼ 0.0227. We used O' Mill et al. (2011) photometric estimates of galaxy redshifts in this work. To define the QSO environment, we first determined suitable values of r p and ∆V parameters by estimating average galaxy surface density profiles and overdensities around the QSOs. We selected galaxies around the QSOs with r p from 0 to 500 kpc and with ∆V from 0 to 12000 km s −1 . We used z Q , the QSO spectroscopic redshift from SDSSQ-DR7 and z g , the galaxy photometric redshift estimates from O' Mill et al. (2011) .
For a given QSO, we obtained the galaxy surface density by counting the number of galaxies within concentric annuli of a 50 kpc radius around the QSO fixing the ∆V value. Subsequently, all the QSOs in the sample were stacked to obtain the average profile. Figure 2 shows the density profile of galaxies for five different ∆V values. The profile obtained for ∆V = 5000 km s −1 is highlighted in the figure and it is also reproduced in the upper-right corner in r p bins of 25 kpc. The density profiles have, in general, the same behavior: the density decreases down to a critical radius of ∼ 350 kpc and then it is almost constant as expected for a homogeneous background. Comparable critical distances were also used in studying the effects of galaxy interactions on star formation in Nikolic, Cullen & Alexander (2004) . Power-law fits of the density profiles were obtained for each ∆V value. A lower slope is an indication of contamination and/or projection effects. We found that the steepest profiles are obtained for ∆V in the range 4000 to 6000 km s −1 . Therefore, we counted galaxies (N gal ) within r p = 350 kpc to estimate galaxy overdensities centered in a given QSO and normalized it to the expected number (N mean ) from the mean background density, δ = N gal /N mean − 1. This mean background density was calculated taking into account the densities obtained from random centers at the QSO redshifts with r p up to 650 kpc. The overdensities were then calculated by counting the number of galaxies within the fixed r p for different ∆V values and the final overdensity profile was averaged for all QSOs in the sample. The errors are the standard deviation in each ∆V bin. The average overdensity within 350 kpc as a function of ∆V is shown in Fig. 3 . This overdensity reaches a maximum value of δ = 0.356 ± 0.037 at ∆V = 5000 km s −1 , in agreement with the ∆V value providing the steepest density profile. We notice that in spite of the individual error bars in the photomet- ric redshifts (∼ 7000 km/s), the average overdensity across the QSO sample for each ∆V bin substantially reduces the uncertainties. Serber et al. (2006) studied the small-scale environment of QSOs using only projected separations. They showed that the enhanced mean overdensity around the QSOs affects the 100 kpc closest region. The local density excess of neighboring galaxies within 100 to 500 kpc may contribute to trigger the QSO activity through mergers and interactions. According to our analysis, r p of 350 kpc and ∆V of 5000 km s −1 can be considered as reliable upper limits to define the QSO sub-samples. To better establish the QSO interaction with neighbor galaxies, we defined r p = 140 kpc and ∆V = 5000 km s −1 as a good compromise to be used in the definition of the QSO environment. 
The QSO sub-samples
Taking into account the sample of QSOs and their surrounding galaxies, we defined three QSO sub-samples. The extreme case was defined as the strong QSO-galaxy interaction, the Sint sub-sample with at least one galaxy with projected separation < 70 kpc and relative radial velocity < 5000 km s −1 . A moderate case representing the weak QSO-galaxy interaction, the Wint sub-sample corresponds to QSOs with a companion galaxy with r p between 70 and 140 kpc and ∆V < 5000 km s −1 . Finally, for isolated QSOs, the Iso sub-sample corresponds to objects without companion galaxies with projected separations between 140 and 500 kpc and 5000 < ∆V ≤ 12000 km s −1 . Table 1 shows a summary of the three defined QSO sub-samples with the adopted criteria and the number of objects. According to our criteria, 75% of the QSOs are isolated objects. The Sint sub-sample includes the brightest QSOs with mean absolute magnitude differences of 0.1 and 0.6 mag with respect to the Wint and Iso sub-samples. The QSO redshift distributions are similar for the three subsamples. Figure 4 shows median absolute magnitudes of neighbor galaxies in redshift bins of 0.025 for Sint (left) and Wint (right panel) sub-samples. It can be seen that the neighbor galaxies of the Sint sub-sample are generally brighter than those of the Wint sub-sample. The limiting magnitude given by O' Mill et al. (2011) is fainter than the absolute magnitudes of the galaxies in both sub-samples, except at z ≥ 0.35, when they become comparable.
Spectral analysis

Statistical analysis
From the SpecLineAll table of the CasJobs database, we extracted the EWs of the relevant spectral lines and their associated errors for the studied QSOs. We performed a visual inspection of the spectra to check their quality. We found some lines: H ǫ ; [SII]λ4072; G band λ4306; [OI] Figure 5 shows the normalized EW distribution for the H α emission lines for the Sint, Wint and Iso sub-samples, where it can be observed that the distribution for the strong QSO-galaxy interaction sub-sample is almost constant for EW values from 50 to 350Å. The distribution for the Wint sub-sample has a peak for EWs ranging from 50 to 150Å. The same behavior is observed for the isolated QSOs between 50 and 100Å. To avoid large outliers, which roughly represents 4σ of the EW distribution, we only used spectral lines in our analysis when the ratio between the EW and the associated error was less than 0.3.
To investigate how the interaction with neighbor galaxies affects the QSOs, for each sub-sample we obtained median EWs and uncertainties using bootstrapping of the most important spectral lines listed above. Table 2 shows the median EW values and errors for the 14 studied spectral lines together with the number of EW measurements for the three different sub-samples. Figure 6 To add further statistical significance to the results, we applied the Kolmogorov-Smirnov (KS) test to the distributions of these three spectral lines. We compared the EW distributions of the Sint relative to the Iso sub-sample, finding that for the [OIII]λλ4959, 5007 lines they are different distributions. For the Wint relative to Iso sub-sample, the results show that the distributions are drawn from the same parent population. With the H α line, the results show the same parent population in both sub-samples relative to the isolated QSOs.
We also used bootstrap in the EW distribution for these three lines to provide robust uncertainty bounds for our median estimates. We computed the bootstrapped 95% confidence intervals (CIs) around the median EW values. Table 3 shows the CIs for the three studied spectral lines for the different QSO sub-samples. The results show higher median We also restricted the definition of the strong QSOgalaxy interaction by using a smaller ∆V of 3000 km s −1 , implying 235, 486 and 3942 QSOs in the new Sint, Wint, and Iso sub-samples, respectively. We obtained median EW values for the [OIII]λ4959, 5007 and H α lines that showed similar results to previous percentage differences. The observed increments in the [OIII] EW could be related to strong AGN activity (Kauffmann et al. 2003) induced by galaxy interactions.
The results obtained for the H α line for QSOs with strong galaxy interactions is consistent with some studies of normal galaxy pairs. Bushouse, Werner & Lamb (1988) and Donzelli & Pastoriza (1997) have shown that the nuclear star formation increases in galaxy interactions and mergers. In these sub-samples, less than 10% of the pairs are low-luminosity AGNs (LINER and Seyfert II galaxies). Barton Gillespie, Geller & Kenyon (2003) studied recent star formation in galaxy pairs, and demonstrated that the Fig. 6 . The EW differences in percentage for the strong and weak QSO interactions with galaxies relative to isolated QSOs. H α EWs were strongly correlated with the inverse of the pair spatial separation or velocity difference. Using stellar population synthesis models, they obtained a merger scenario in which close interaction triggers starburst and increases the EWs.
Spectral decomposition
In this subsection, we explore the importance of the host galaxy and the role of the environment on the QSO activity. We analyzed the SDSS spectra of the QSOs with z < 0.31 with a well defined H α emission line. In this redshift range, we obtained a sub-sample of 100 QSOs in the restricted Sint sub-sample and also 100 randomly selected QSOs in the Iso sub-sample, which represents about 10% of the total.
First, we estimated the contribution of the host galaxy to the total emission. We applied the STARLIGHT code (Cid Fernandes et al. 2005 , Mateus et al. 2006 ) that combines empirical population synthesis with evolutionary synthesis models. We used a base consisting of 80 single stellar population templates with different ages and metallicities (Bruzual & Charlot 2003) and six power-law components (e.g., Cardoso et al. 2017) . Considering these two QSO subsamples, we found that the contribution of the host galaxy to the total emission is 11% in median for the restrictive Sint sub-sample and 8% for the isolated QSOs. This contribution is in agreement with previous works, for example, at lower redshifts; Younes et al. (2010) studying the galaxy NGC 4278 at z = 0.002. At higher redshifts, the stellar contribution was estimated to be around 5 to 25% (Dey et al. 2008 and Donley et al. 2010 ) for a sample of galaxies at z = 2. The left panel of Fig. 7 shows the normalized distribution of the host contribution to the total emission for the restricted Sint (solid line) and Iso (dot line) sub-samples. We estimated that 80% of the QSOs have host contributions smaller than 30% and the lowest contributions are found for the brightest QSOs in the sample (Fig. 1) . The right panel of the figure shows as an example, the STARLIGHT results of a QSO spectrum with 9% of the host contribution to the total emission. In the upper panel, we show the observed spectrum (solid line); the synthetic spectrum (dot -short dash line) obtained from the AGN contribution in a power-law form (short dash line); and the host contribution (dotted line). The bottom panel shows the residuals between the observed and synthethic spectra, which correspond to the emission spectrum of the ionized gas.
The H α emission line can be decomposed into narrow and broad components, and these might be affected by different physical processes (Antonucci 1993 ) originated in different regions (the NLR and BLR). An increase in the narrow emission component may indicate an important contribution from enhanced star formation, while an increment in the broad component would be related to the AGN itself. However, from the analysis of median EW values alone, it is not possible to disentangle the different component contributions. Therefore, in the present study, we assumed two components for the H α emission line profiles by adopting a combination of Gaussian profiles. The LINER routine (Pogge & Owen 1993 ) based on a χ 2 minimization algorithm was used to fit the narrow and broad components for the H α profile with some assumptions (e.g., Schmidt et al. 2016) . One of these is that [NII]λ6548 and [NII] λ6583 are considered to be of equal FWHM, because both lines are emitted in the same region. The second one is that the flux ratio of the two [NII] components is equal to their theoretical value of 1:3. For some objects, it was also necessary to impose a third constraint for these lines: that their wavelength separation is equal to their theoretical value (36Å). In most of the cases, we obtained FWHM values of approximately 400 km s −1 and 3000 km s −1 for the narrow and broad components of the H α line, respectively, in agreement with previous results (e.g., Marziani et al. 2010 , Coatman et al. 2017 . Figure 8 shows a typical fit of the H α emission line together with the [NII]λλ6548, 6583 lines, and also the corresponding residuals. The observed emission spectrum is represented by a thick black line, with the different Gaussian components, including the H α broad and narrow lines and the [NII] , represented by dotted lines. Figure 9 shows the results of the decomposition in broad (left panel) and narrow (right panel) H α components of the two QSO sub-samples. The solid (dot) lines represent the EW distributions for the QSOs from the restricted Sint (Iso) sub-samples. For the analyzed QSOs that had a strong interaction with neighboring galaxies, the median values were 22.60 ± 4.59Å for the narrow component and 161.40 ± 12.92Å for the broad one. For the isolated QSOs, we obtained a median value of 18.71 ± 3.87Å for the narrow component, and 135.52 ± 10.42Å for the broad one. Within the uncertainties, the distribution of the narrow component was similar for QSOs with strong interaction and in isolation. However, the broad components of interacting QSOs were 20% wider than in isolated QSOs. This result might show that the connection between the galaxy interactions and QSO activity was via the central regions. Considering that the broad component of H α is originated at the BLR, the emission lines which could be contaminated are the narrow lines. According to the synthesis results, this contamination is around 10% in median.
Finally, we applied the KS test to the EW measurements of the narrow and broad components obtained from the decomposition of the H α emission line to the Sint and Iso sub-samples. The results show that the broad component distributions are two different populations while the narrow components are similar distributions.
Summary
We defined a QSO sample using the SDSS Quasar catalog derived from the SDSS-DR7 (Schneider et al. 2010) , which was comprised of 4663 QSOs in the redshift range of 0.20 < z ≤ 0.40. In order to study the effects in the QSO spectra produced by the environment, we defined three different QSO sub-samples. We selected neighboring galaxies relative to the QSOs using the projected separations and radial velocity differences. Using a projected separation of 140 kpc and ∆V = 5000 km s −1 , three QSO sub-samples were defined representing the strong and weak interactions with galaxies, and isolated QSOs. These QSO sub-samples were also restricted using a smaller ∆V value of 3000 km s −1 to perform statistical and spectral analyses.
From the study of the EW medians of the most relevant spectral lines, we found that the [OIII]λλ4959, 5007 lines show values larger than 20% for QSOs in the Sint sub-sample when compared with isolated QSOs, and about 7% for the H α line. The changes in EWs were, in general, comparable between the weak QSO-galaxy interactions and isolated QSOs. For these three lines, we also performed the KS test and obtained confidence intervals for the EW medians. For the [OIII]λλ4959, 5007 lines, the EW distributions of the Sint are different from those of the Iso sub-sample. For the Wint relative to Iso sub-sample, the results show that the distributions are drawn from the same parent population. For the H α line, the CIs have higher median EWs within wider intervals for the Sint sub-sample in comparison with the other two sub-samples. These results show that only some line EWs of QSOs are marginally influenced by environment. Similar results were obtained when restricting the sub-samples with ∆V = 3000 km s −1 . None of these results are affected by the emission of the host galaxy, which contributes about 10% in median to the total emission.
To gain a better understanding of the connection between the increment of the H α emission line and the effect produced by the QSO-galaxy interactions, we performed broad and narrow line decomposition. Throughout this decomposition, for the restricted sub-samples, the narrow component remained constant for QSOs with strong galaxy interactions and isolated QSOs. In contrast, the broad component revealed an increase for the QSOs with strong galaxy interactions. Our results suggest that the QSO central regions (BLR and inner NLR) could be mostly affected by the galaxy interaction. This conclusion is derived from the increase of the broad component of H α for the Sint sub-sample and the lack of variation in the narrow component of H α and the [N II]λ6583 lines, both originated in the NLR. This is also reinforced by the changes in the [OIII]λλ4959, 5007 lines, which are originated mainly in the inner parts of the NLR due to their higher degree of ionization.
Our findings suggest that QSO interactions with neighboring galaxies may affect AGN activity as evidenced by the EW values of some emission lines. A scenario where the accretion rate of massive black holes is triggered by galaxy interactions as suggested by Di Matteo, Springel & Hernquist (2005) simulations could provide important clues about the joint evolution of QSOs and galaxies. 
